The daily rhythm of body temperature was recorded in control rats fed ad libitum and subsequently fed during daytime 50% of ad libitum food intake. Aside from the expression of a feeding-associated component, body temperature rhythm was phase advanced (7 h) by a timed caloric restriction; the new plateau of the acrophase of the nocturnal peak was close to the light-dark transition. A lesion of serotonergic (5-HTergic) terminals in the suprachiasmatic nuclei (SCN)&mdash;the endogenous circadian clock(s)&mdash;was performed by microinjection of the 5-HT neurotoxin 5,7-dihydroxytryptamine (5,. During the ad libitumfed state, the acrophase of body temperature rhythm was not modified by the 5,7-DHT treatment. In response to a timed caloric restriction, however, the phase advance of the nocturnal peak of body temperature rhythm was reduced by 2 h in rats with 5,7-DHT lesions as compared to that of sham-operated rats. Magnitude and day-night pattern of wheel-running activity between the two groups of rats also were analyzed. No intergroup difference was found in the amount of wheel-running activity prior to the time of feeding. Moreover, the phase advance of nocturnal component of locomotor activity rhythm observed toward the time of feeding in sham-operated rats was limited by 5,7-DHT treatment. It is concluded that the photic synchronization of body temperature rhythm does not depend on the 5-HTergic projection to SCN under ad libitum conditions. By contrast, the phase-advancing property of a timed caloric restriction on the daily rhythm of body temperature is mediated by a neuronal circuit involving the 5-HTergic projection to SCN. That the phase advance was not fully eliminated by 5,7-DHT treatment suggests that other pathways participate in this mediation.
INTRODUCTION
The daily light-dark cycle (LD) is the main synchronizer of the circadian clock, located in the suprachias-matic nuclei (SCN), which controls the circadian rhythms in mammals (Meijer and Rietveld, 1989; Klein et al., 1991; Turek, 1985) . Under certain conditions, several nonphotic stimuli are known to be able to shift 1. To whom all correspondence should be addressed. JOURNAL OF BIOLOGICAL RHYTHMS, Vol. 12 No. 3, June 1997 235-244 @ 1997 Sage Publications, Inc. or entrain daily rhythms. These factors include stimuli as various as, for example, novelty-induced running (Mrosovsky, 1995; Janik and Mrosovsky, 1993) , pharmacological agents such as benzodiazepines (Biello and Mrosovsky, 1993; Cutrera et al., 1994a; Johnson et al., 1988; Penev et al., 1995) , serotonergicla (5-HT1A) receptor agonists (Cutrera et al., 1994b) , arousal induced by subcutaneous injection of saline and the associated handling (Hastings et al., 1992; Sumova et al., 1996) , and restricted feeding schedule (Abe and Rusak, 1992;  Stephan, 1986) . The entraining properties of nonphotic stimuli often are concomitant with high levels of locomotor activity; this has led to the suggestion that hyperactivity would be able to interact with the regulation of the circadian clock(s) (Cutrera et al., 1994a; Turek, 1989; Van Reeth et al., 1994) .
The visual inputs mediating the photic synchronization of the circadian clock are conveyed to the SCN by a direct retinohypothalamic tract as well as by an indirect geniculohypothalamic pathway (Klein et al., 1991) . The third largest projection to SCN is a serotonergic (5-HTergic) tract originating in the median and dorsal raphe nuclei (Azmitia and Segal, 1978;  Meyer-Bernstein and Morin, 1996 ; Van de Kar and Lorens, 1979) . However, the functional significance of the 5-HT system in the control of the circadian rhythmicity is not yet fully understood. Several studies emphasize the putative role of 5-HT in modulating the photic responses in the SCN Rea et al., 1995; Selim et al., 1993) . Serotonin, which displays a circadian pattern of release in SCN (Cagampang and Inouye, 1994; Glass et al., 1992; Meyer and Quay,1976; Poncet et al., 1993) , has been demonstrated to directly affect the SCN. 5-HTergic agonists and antagonists can reset the spontaneous neuronal activity of SCN in vitro . Studies in vivo indicate that 5-HT agonists can phase shift the free-running activity in rodents (Cutrera et al., 1994b; Edgar et al., 1993; Tominaga et al., 1992) and that a serotonin re-uptake inhibitor shortens their free-running period (Possidente et al., 1992) .
Other reports demonstrate that the 5-HTergic pathway is involved in the phase-resetting properties of nonphotic stimuli (Cutrera et al., 1994a; Penev et al., 1995; Sumova et al., 1996) . Because effects of nonphotic stimuli usually are investigated in constant lighting conditions, the implication of SCN serotonin in both photic and nonphotic regulations may not be mutually exclusive. In this context, a nonphotic zeitgeber recently has been shown to compete with LD entrainment; a restricted diet given during daytime induces a phase advance of the daily rhythms of body temperature, melatonin, and locomotor activity in rats (Challet et al., 1997) .
According to the preceding data, it was hypothesized that 5-HTergic projection to SCN may mediate the phase change of daily rhythms induced by a timed caloric restriction. This was investigated by studying the phase change of body temperature rhythm in food-restricted rats fed during daytime, with or without specific lesion of 5-HTergic terminals in SCN by means of bilateral microinjections of 5,7dihydroxytryptamine (5,7-DHT) in the SCN.
Restricted feeding schedules are well known to induce a daily increase in locomotor activity prior to food access, that is, a feeding-associated component (Abe and Rusak, 1992; Mistlberger, 1994; Stephan, 1986 ). In view of the possible link between the entraining properties of nonphotic stimuli and hyperactivity, magnitude and day-night pattern of locomotor activity also were investigated in sham-operated versus 5,7-DHT-treated rats.
MATERIALS AND METHODS

Animals and Laboratory Conditions
Male Wistar rats purchased from Iffa-Credo (1'Arbresle, France) were housed individually in a room with a controlled temperature (25 ± 1°C) and a fixed 12-h light/12-h dark photoperiod (lights on at 08:00 h). During daytime, light intensity was 150 lux at the level of the cages. During nighttime, two 15-W red globes gave a continuous dim red light inferior to 1 lux at the level of the cages. Rats were supplied ad libitum commercial chow (UAR, Lyon, France) during baseline. Water was available ad libitum throughout the experiment.
Surgery
Following a pretreatment with intraperitoneal (i.p.) desmethylimipramine (25 mg/kg body mass 30 min before surgery, Sigma, St. Louis, MO) to protect catecholaminergic terminals (Bjorklund et al., 1975) , surgery was conducted under i.p. equithezine anesthesia (0.4 ml/100 g body mass). Then, 5-HTergic terminals in the SCN were lesioned by a bilateral microinjection of 5,7-dihydroxytryptamine creatinine sulphate (25 pg of the free base [Sigma] in 0.2 ilL of 0.5% ascorbic acid, Merck, Rathway, NJ) using a glass micropipette (tip diameter 30 pm) connected to a 1-gL Hamilton syringe. The micropipette was positioned 1.8 mm anterior to bregma, 0.5 mm lateral to midline, and 8.3 mm (at 2°) ventral to dura. Each infusion lasted 5 min (5,7-DHT group). The sham-operated rats received similar bilateral microinjections of vehicle only (sham group). Thereafter, all rats were implanted i.p. with Mini-Mitter telemetry devices (Mini-Mitter Co., Sunriver, OR) to record body temperature every 10 min (Dataquest III acquisition system, Data Sciences Co., St. Paul, MN).
Experimental Procedure
Each cage was equipped with a running wheel (diameter 30 cm) that closed a microswitch on each revolution (Dataquest III). The period of adaptation lasted about 1 week before the experiment. At the end of the ad libitum postoperative period (2 weeks), 300-g rats were fasted during 3 days to accelerate the rate of the feeding-induced synchronization (see Challet et al., 1996) . Following the fasting period, all rats received a daily restricted diet amounting to 50% of mean daily food intake during baseline (i.e., 10 g). After about 10 days of timed restricted feeding, all rats ate their hypocaloric diet in 1 h. The period of food restriction lasted 32 days.
Immunocytochemistry
At the end of the experiment, rats were deeply anesthetized with pentobarbital (0.2 ml/100 g body mass, Sanofi, Libourne, France), perfused with physiological saline (0.9%) followed by fixative solutions according to Yamada and colleagues (Yamada et al., 1987) . The first fixative (pH 7.4) was a mixture of 4% paraformaldehyde, 0.2% picric acid, and 0.5% glutaraldehyde in phosphate buffer (PBS). The second fixative (pH 6.2) was a mixture of 4% paraformaldehyde and 0.2% picric acid in PBS. The third one (pH 7.4) was a buffered 4% paraformaldehyde. The removed brains were postfixed in the last fixative during 24 h. Brains were sliced into frontal 50-jnm sections on a vibratome. Sections were transferred to Tris-NaCl buffer (TBS), treated with 0.5% sodium borohydride to inactivate the residual-free aldehyde groups of the fixative agents, and finally washed in TBS.
Sections were then incubated for 12 h at 4°C with a 5-HT antiserum diluted 1:2000 (rabbit anti-serotonin, INCSTAR, Stillwater, MN) in TBS-Triton, washed in TBS, and incubated for 1 h with a biotinylated goat anti-rabbit antibody (Vectastain ABC kit, Vector Labs, Burlingame, CA). Sections were washed again in TBS and transferred for 1 h to a solution of TBS-ammonium sulfate nickel containing avidine and biotinylated horseradish peroxydase. Peroxydase was visualized by the diaminobenzidine reaction. The brain sections were then gathered on gelatinized slides. Alternative slides were counterstained with cresyl violet. Thereafter, all sections were dehydrated and coverslipped.
Methods of Analysis
In agreement with Cutrera and colleagues (1994a), only animals with acute 5-HTergic denervation in SCN were included in this study Nonlinear regression analysis of data of body temperature was performed with TableCurve software (Jandel Scientific, San Rafael, CA). The acrophase of daily rhythm of body temperature was defined as the time of occurrence of the maximum in the best-fit curve. In addition to the nocturnal component, a feeding-associated component of body temperature rhythm is expressed during a timed caloric restriction (Challet et al., 1997) . The determination of the acrophase was performed on daily data only between 16:00 and 08:00 h, the feeding-associated component being not taken into account. The fitting equation was the following:
where A is the mean temperature, B is the amplitude of body temperature peak, and C is the acrophase. This cosinor analysis was executed on consecutive 4-day periods. The uniformity of distribution of residuals was checked for each 4-day period in both shamoperated and 5,7-DHT-lesioned rats. To characterize individual phase changes of temperature acrophases over the experiment, plotted 4-day data were then fitted to the following equation:
where A is the plateaued acrophase during food restriction, B is the phase change of acrophase, and C is the time of inflection point.
The possible food restriction-induced changes in locomotor activity were analyzed between a 5-day period during (ad libitum) baseline and a 5-day period during the 3rd week of food restriction. The latter Figure 1 . l3ransverse sections of suprachiasmatic nuclei. Sections were stained for serotonin immunoreactivity in a (A) shamoperated rat and a (B) 5,7-dihydroxytryptamine-lesioned (5,7-DHT) rat. The section shown in Panel C is the slide following Panel B counterstained with cresyl violet to facilitate delimitation of the suprachiasmatic nuclei (SCN). 3V = third ventricle; OC = optic chiasm; scale bar =100 pm. period was chosen because control animals at that time reached a new steady state of synchronization (i.e., phase stabilization) for both rhythms of temperature and activity (Challet et al., 1997) . Before being averaged, cumulative individual turns of the wheel were plotted every 24 h (total daily wheel running) and every 3 h (day-night pattern of locomotor activity).
Statistical Analysis
Values are means ± SEM (n = 7 in each group). Unpaired and paired student's t tests were used for intergroup and within-group comparisons, respectively Only significant best-fit parameters (p < .05) were included in this study Logarithmic transformation of individual turns of the wheel was performed before comparisons to ensure homogeneity of residual variances.
RESULTS
Histology
Specific 5,7-DHT lesions induced an almost total disappearance of 5-HTergic immunoreactive fibers and terminals in the SCN (Fig. 1 ). Very rare 5-HTergic fibers were observed in some rats. With the exception of SCN and restricted surrounding areas, 5-HTergic immunoreactivity was similar between the shamoperated and 5,7-DHT-lesioned rats. For instance, the low immunoreactivity of 5-HTergic plexus in supraoptic nuclei (e.g., Boulaich et al., 1994) was observed in all 5,7-DHT-lesioned rats (data not shown).
Changes in Body Mass
Initial body mass of both the sham and 5,7-DHT groups did not differ significantly (310 ± 4 vs. 295 ± 8 g, respectively, p > .05). At the termination of food restriction, body mass did not differ between the two groups (234 ± 11 vs. 255 ± 9 g, respectively, p > .05). However, cumulative loss of body mass in the sham group was significantly higher than that in the 5,7-DHT group (76 ± 10 vs. 40 ± 10 g, respectively, p < .05).
Daily Rhythm of Body Temperature
In the fed state, the acrophase of body temperature rhythm was similar for both the sham and 5,7-DHT groups (02:15 ± 0:20 vs. 01:45 ± 0:40 h, respectively, p > .05; Fig. 2 ). In agreement with a previous study (Challet et al., 1997) , a feeding-associated component of body temperature rhythm is expressed in addition to the nocturnal component during a timed caloric restriction. The nocturnal peak of body temperature in both food-restricted groups was phase advanced and entrained earlier as compared to the fed state (Fig. 3) .
However, the extent of the phase advance was significantly lower (2 h) in the 5,7-DHT group as compared to that in the sham group (5.5 ± 0.5 vs. 7.5 ± 0.5 h, respectively, p < .05). As a consequence, the new plateau of the temperature acrophase occurred earlier in sham-operated rats than in 5,7-DHT-lesioned rats (18:50 ± 0:20 vs. 20:20 ± 0:30 h, respectively, p < .05). The timing of the phase change did not differ between the sham and 5,7-DHT groups (Fig. 3 ), as determined Figure 2 . An 84-h recording of body temperature data in a sham-operated rat (left panels) and a 5,7-dihydroxytryptamine-lesioned (5,7-DHT) rat (right panels) under ad libitum conditions (upper panels) and during the 3rd week of food restriction (lower panels). Curve fits were calculated on data recorded only between 16:00 and 08:00 h to eliminate the feeding-associated component (see Materials and Methods). Nighttime is indicated by the shaded area. Arrows indicate time of feeding. by the mean time of inflection point in individual fitted curves (occurring 8 ± 1 vs. 9 ± 3 days after the beginning of food restriction, respectively, p > .05).
The mean level of (nocturnal) body temperature did not differ between ad libitum-fed sham-operated and 5,7-DHT-treated rats (37.9 ± 0.1 vs. 37.8 ± 0.1°C, respectively, p > .05). Also in the fed state, the amplitude of body temperature rhythm did not differ between the sham and 5,7-DHT groups (0.29 ± 0.05 vs.
0.33 ± 0.05°C, respectively, p > .05). The decrease in mean (nocturnal) body temperature in response to timed caloric restriction did not differ significantly between the sham and 5,7-DHT groups (1.1 ± 0.1 vs.
1.0 ± 0.1°C, respectively, p > .05). Furthermore, the increase in amplitude of temperature rhythm during food restriction did not differ between sham-operated and 5,7-DHT-treated rats (0.39 ± 0.05 vs. 0.28 ± 0.06°C, respectively, p > .05).
Magnitude and Day-Night Pattern of Locomotor Activity
In the fed state, daily wheel running did not differ between the sham and 5,7-DHT groups (1378 ± 352 vs. 1532 ± 547 revolutions/24 h, respectively, p > .05).
During food restriction, the amount of daily locomotor activity did not differ between the sham and 5,7-DHT groups (5078 ± 1206 vs. 3955 ± 1437 revolutions/ 24 h, respectively, p > .05).
Under ad libitum conditions, the rats of the two groups displayed a nocturnal pattern of runningwheel activity (Fig. 4 ). Mean activity for each 3-h period did not differ between fed sham-operated and fed 5,7-DHT rats. In accordance with previous studies (reviewed in Mistlberger, 1994) , a feeding-associated component of locomotor activity was expressed during timed caloric restriction in addition to the nocturnal component of locomotor activity rhythm. This feeding-associated component was observed in the first diurnal 3-h period (08:00-11:00 h) in both the sham and 5,7-DHT groups (Fig. 4) .
In sham-operated rats, diurnal activity during food restriction increased significantly as compared to that during the fed state, regardless of the 3-h period (Fig. 4) . Moreover, there was a significant decrease of running-wheel activity in the second part of the night (i.e., from 02:00-05:00 h to 05:00-08:00 h) during food restriction. Aside from the feeding-associated component expressed in the 08:00-11:00 h period, these Figure 3 . Changes in timing of acrophase of body temperature rhythm in sham-operated and 5,7-dihydroxytryptamine-lesioned (5,7-DHT) rats from fed state to food restriction. Nighttime is indicated by the black bar on abscissa. Day 0 = beginning of experiment; AL = ad libitum period (1st to 13th days); F = fasting period (14th to 16th days); FR = food restriction (17th to 48th days. Means (± SEM) of individual acrophases of body temperature rhythm calculated over a 4-day period. Lines are curves fitted to these means. Time of feeding is indicated by a vertical arrow results indicated a phase advance of nocturnal component of locomotor activity rhythm toward the time of feeding.
In food-restricted 5,7-DHT-lesioned rats, diurnal running-wheel activity was significantly increased in the first three 3-h period (i.e., from 08.00 to 17:00 h) as compared to respective mean values in the fed state (Fig. 4 ). No significant increase was found in the last diurnal 3-h period (i.e., 17:00-20:00 h) between ad libitum and food-restricted conditions. Furthermore, nocturnal running-wheel activity remained essentially unchanged by food restriction, except for the significant decrease in the third 3-h period (02 :00-05 :00 h). These results indicate that the changes in daynight pattern of activity observed in the sham group were less marked in the 5,7-DHT group (Fig. 5) .
During food restriction, mean activity for each 3-h period did not differ between the shamoperated and 5,7-DHT-lesioned rats. In particular, this means that the level of activity during the first diurnal 3-h period (corresponding to expression of the feeding-associated component) was not significantly different between the two groups.
DISCUSSION
The present study shows that specific (neurotoxic) lesion of 5-HTergic terminals in the SCN can reduce the phase advance of the daily rhythm of body temperature induced by a timed caloric restriction. This occurred although both control and 5,7-DHT-treated rats were maintained under an LD cycle; this confirms that timed caloric restriction is a nonphotic factor capable of competing with LD entrainment of body temperature rhythm (Challet et al.,1997) . However, a critical question to answer is whether this nonphotic factor acts directly on the circadian clock(s) located in SCN or whether it modulates the LD regulation at a further (effector) step. The present data-an attenuating effect by a selective lesion of afferences to SCNstrongly support the first hypothesis. This fits with the idea that the 5-HTergic afferents to SCN are involved in the phase-shifting properties of nonphotic factors (Cutrera et al., 1994a; Penev et al., 1995; Sumova et al., 1996) .
A highly localized denervation of 5-HTergic terminals in the SCN limited the phase change of body temperature rhythm. The criterion used in this study was the almost complete disappearance of bilateral 5-HTergic immunoreactivity in SCN at the end of the experiment (about 50 days after 5,7-DHT lesions). 5-HTergic neurons are capable of axonal regeneration and sprouting after 5,7-DHT axotomy; following a hypothalamic intraventricular microinjection of 5,7-DHT, 5-HTergic reinnervation of SCN begins only 4 months later (Bosler et al., 1992) , a finding in accordance with our results. However, intracerebroventricular injections of 5,7-DHT induce an up-regulation of 5-HTlB receptors in SCN, a process that may concern heteroreceptors (Manrique et al., 1994). Moreover, serotonin metabolism is increased in the hypothalamus during food restriction (Broocks et al., 1991; Chance et al.,1987) . Accordingly, the very rare 5-HTergic fibers observed in SCN in some rats following our 5,7-DHT treatment might still have some action on the increased postsynaptic 5-HTIB receptors. Thus, it cannot be excluded that, in food-restricted 5,7-DHT-lesioned rats almost devoid of 5-HTergic immunoreactivity in SCN, a slight influence of serotonin on SCN regulation still might be present. On the other hand, given the numerous afferents to the SCN (e.g., Bina et al., 1993; Figure 4 . Day-night pattern of wheel-running activity in sham-operated and 5,7-dihydroxytryptamine-lesioned (5,7-DHT) rats during fed state and food restriction. Means ± SEM. *p < .05 and **p < .01 as compared to the fed state within the same group. Mikkelsen and Vrang, 1994; Moore and Card, 1994) , other non-5-HTergic inputs also may be involved in the neuronal circuit mediating the phase advance of the daily rhythm of body temperature induced by timed caloric restriction.
The similarity in the phase of body temperature rhythm in ad libitum-fed rats, with or without lesion of 5-HTergic terminals in SCN, indicates that the 5-HTergic projection to SCN does not play a key role in the photic synchronization of body temperature rhythm. The main neural network devoted to thermoregulation is located in the preoptic and anterior hypothalamic area that contains about 40% thermosensitive neurons (Boulant and Dean, 1986 ). Because suprachiasmatic lesions eliminate the daily rhythmicity of body temperature without affecting the mean body temperature, SCN are considered to generate the circadian rhythmicity that is superimposed to thermoregulation (Refinetti, 1995) . However, the circadian changes in SCN thermosensitivity (Derambure and Boulant, 1994) suggest a close interaction between body temperature and circadian regulation.
The mean lower body temperature during food restriction is part of metabolic adaptations that contribute to the enhanced efficiency of food use in response to undernutrition (Boyle et al.,1981) . The mean (nocturnal) level of body temperature and the amplitude of temperature rhythm did not differ significantly between sham-operated and 5,7-DHT-treated rats either during the fed state or during the period of food restriction. This suggests that 5-HTergic projection to SCN is not involved in the thermoregulatory processes. In this context, except for an unlikely lower nutrient assimilation in food-restricted 5,7-DHTlesioned rats, the lower loss of body mass in these rats may be partly related to the feeding-associated component of body temperature rhythm (not taken into account in this study). Such a daily rise in temperature, which is associated with anticipatory activity and dietinduced thermogenesis, was found to be lower in 5,7-DHT-lesioned rats than in control rats (0.9 ± 0.1 vs.
1.3 ± 0.1°C, respectively, p < .05 [unpublished data]), therefore reducing heat loss in the former.
The changes in day-night pattern of locomotor activity observed in food-restricted control rats are characterized by a decrease in running-wheel activity in the final hours of night and an increase during daytime. In accordance with the phase change of the body temperature rhythm, this suggests that the locomotor activity rhythm also had undergone a phase advance during food restriction, although at a lower extent. As observed for the body temperature rhythm, the Figure 5 . Wheel-running activity in a sham-operated rat and a 5,7-dihydroxytryptamine-lesioned (5,7-DHT) rat during 1 week of the ad libitum-fed state, 3 days of fasting, and 4 weeks of timed food restriction. Successive 24-h periods from top to bottom are double-plotted (48-h horizontal time scale). Closed and open triangles indicate onset of fasting and onset of timed food restriction, respectively. Nighttime is indicated by the black bar on the abscissa. Arrows indicate time of hypocaloric feeding. Histology for these animals is shown in Fig. 1. changes in day-night pattern of locomotor activity are less marked in the 5,7-DHT group, indicating that the synchronizing effects of a timed caloric restriction is less effective following a lesion of the 5-HTergic innervation of the SCN.
The lack of any difference in the level of runningwheel activity prior to feeding time between shamoperated and 5,7-DHT-lesioned rats suggests that diurnal prefeeding hyperactivity does not play a key role in the reduced phase change of nocturnal peak of body temperature rhythm. This seems to be in agreement with other investigations; phase shifts of locomotor activity rhythm in hamsters that are induced by triazolam (a benzodiazepine) may be reduced by an i.p. 5-HTergic neurotoxin (p-chloroamphetamine) treatment without affecting triazolam-induced hyperactivity (Penev et al., 1995) . Moreover, phase-shifting effects of locomotor activity rhythm in hamsters may be induced by chlordiazepoxide (another benzodiazepine) without inducing activity (Biello and Mrosovsky, 1993) . Accordingly, factors other than hyperactivity alone (e.g., arousal) (Hastings et al., 1992; Sumova et al., 1996) are involved in the phase-shifting properties of nonphotic stimuli. In the present experimental tool, it is possible that underfeeding-associated metabolic changes affect the mechanisms controlling the phase of body temperature rhythm.
Lesions of the 5-HTergic projection to the SCN did not change the day-night pattern of locomotor activity of ad libitum-fed rats in LD, suggesting that this pathway is not involved in the photic synchronization of the locomotor activity rhythm. This result is in keeping with the effects of raphe lesions in ad libitum-fed rats (Kam and Moberg, 1977; Levine et al., 1986) , although others have reported an increase in the level of daytime activity after raphe lesions (Block and Zucker, 1976;  Meyer-Bernstein and Morin, 1996) . Following an intraventricular injection of 5,7-DHT in fed hamsters, the onset of their nocturnal activity is advanced the present analysis may not be accurate enough in this respect, no similar &dquo;trend&dquo; was detectable in our data; this may be related to the extent of 5,7-DHT lesions (spread vs. highly circumscribed) in the two respective studies.
As found in ad libitum-fed hamsters treated with 5,7-DHT (Morin and Blanchard, 1991) , 5,7-DHT lesions in the SCN of ad libitum-fed rats in LD did not affect the amount of daily locomotor activity. However, 5,7-DHT-lesioned hamsters have a lower fastinginduced hyperactivity than do controls (Morin and Blanchard, 1991) , whereas no difference in magnitude of wheel running was found between sham-operated and 5,7-DHT-lesioned rats during prolonged food restriction. Interspecific differences in response to depletion of body stores may explain such a discrepancy
In conclusion, the present study demonstrates the involvement of the 5-HTergic projection to the SCN in the phase advance of,body temperature rhythm in food-restricted rats fed during daytime. This result also indicates that the synchronizing effects of a timed caloric restriction directly affect the SCN regulation. That the phase change of body temperature rhythm was reduced but not fully impaired by highly localized 5,7-DHT lesions suggests the involvement of other pathways in mediating this nonphotic factor.
